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Abstract: Numerous biological and pharmacological properties of coumarins have designated them as significant synthetic target in many fields. 
Biscoumarins are considered as an important class of coumarin derivatives that show remarkable pharmacological properties. Therefore, 
development of the efficient new methods for their synthesis, based on green methodology, would be of a great importance in medicinal and 
pharmaceutical chemistry.  
In this work, the ultrasound and microwave assisted synthesis of biscoumarins, starting from corresponding aldehydes and 4-hydroxycoumarin 
is reported. Molecular iodine was used as an efficient and inexpensive catalyst for a simple synthesis, to obtain excellent yields using ethanol 
as a solvent. It was found that 10 % (n / n) of molecular iodine catalyzes biscoumarin synthesis in high yields (80–94 %) and in short reaction 
times, using both ultrasound, as well as microwave promoted conditions. Furthermore, when those two methods are compared, ultrasound 
promoted reactions were proven to be more suitable for this kind of reaction. 
 





OUMARINS are aromatic, heterocyclic benzopyrone 
compounds, widely distributed in the plant kingdom, 
as well as synthesized by many researchers these days, 
which have been extensively investigated in many scientific 
fields[1] They possess many biological properties, that pri-
marily depend on their structure[2,3] and some of those 
biological activities include antimicrobial,[4,5] anti-inflam-
matory,[6] anti-HIV,[7] anti-depressive,[8] antioxidant,[9,10] 
anticoagulant,[11] anticancer,[12,13] antiviral,[14,15] antimyco-
bacterial,[16] and antiasthmatic.[17] Furthermore, coumarins 
possess significant optical properties, thus being used  
in dispersed fluorescent and laser dyes, fluores- 
cent probes, polymers, insecticides and in optical 
brighteners.[1,18] Due to their biological and pharmaco-
logical properties, coumarins are used worldwide as a 
basic structural unit in drug production. One of the often 
investigated groups of coumarin derivatives are their  
bis-analogues, so called biscoumarins, dimers of  
4-hydroxycoumarin, which are proven to act as 
anticoagulants,[19,20] and antiseptics.[21] In addition to these 
properties, Khan and co-workers[22] found that 
biscoumarins could also act as urease inhibitors, which is 
important in the treatment of infectious diseases caused by 
urease producing bacteria. Dicoumarol, a naturally 
occurring biscoumarin originating from plants or fungi, is 
recognized as an anticoagulant, which decreases the 
metastases in experimental animals and acts as a vitamin K 
depleter,[24] while in biochemical experiments is used as an 
reductase inhibitor.[23] The literature overview reveals the 
growing interest in biscoumarin synthesis, which raises the 
question of the environmental impact of such chemical 
processes. 
 Biscoumarins are commonly prepared through 
Knovenagel reactions of 4-hydroxycoumarin with different 
aldehydes (Scheme S1), utilizing a wide range of different 
catalysts, solvents, and reaction conditions, all resulting in 
different reaction times and different yields.[23] 
 So far, biscoumarins were synthesized using 
ultrasound irradiation,[25,26] microwave irradiation,[27,28] 
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temperature),[2,29,30,31] using catalysts such as: solid 
catalysts,[32] ionic liquids.[33] nanoparticles,[34] phase-
transfer catalysts,[35] Lewis acids,[30,36] heteropoly acids,[37] 
and nanocomposites.[38] Majority of these methods have 
certain disadvantages, such as an extensive use of 
expensive and/or toxic organic solvents, difficult work-up 
procedure, or harsh reaction conditions, resulting in low 
product yields. 
 Tabatabaeian and co-workers[29] performed the 
synthesis of biscoumarins using Ru grafted zeolite β 
(Ru@imine-Z) catalyst. The optimal amount of the catalyst 
was 10 % (m/m) when the reaction was carried out under 
reflux conditions. They also studied the effect of solvent, 
using different solvents such as ethanol, methanol, 
acetonitrile, tetrahydrofuran and dichloromethane, at 
different reflux temperatures, and ethanol was chosen as 
the best solvent for this reaction. Moreover, they prepared 
a series of biscoumarins under reflux condition and also 
under ultrasound irradiation. The results confirmed that 
ultrasound irradiation leads to the final products in shorter 
reaction times.[29]  
 Although much work has been done on the synthesis 
of biscoumarins under classical conditions, the use of green 
methods such as ultrasound irradiation or microwave 
dielectric heating for their synthesis is relatively rare. 
Therefore, in this work we investigated the catalytic 
property of molecular iodine, as an easy available and 
inexpensive catalyst, for Knoevenagel condensation of  
4-hydroxycoumarin and different aromatic aldehydes, in 
ultrasound and microwave promoted reactions. These two 
methods, among others, are often characterized as green 
synthetic methods.  
 Nowadays a green chemistry approaches are 
favorable both in research as well as industry, since there is 
the growing consciousness of environmental issues and 
increasing importance to reduce the usage of dangerous 
chemicals, that have a direct risk both to the pollution and 
human health.  
 
EXPERIMENTAL 
All chemicals used in the synthesis of desired compounds 
were purchased from commercial suppliers. Microwave 
synthesis was performed in Milestone flexiWAVE 
(Milestone Srl, Sorisole (BG), Italy) microwave system, 
equipped with rotating carousel with 15 positions for PTFE 
high-pressure vessels. Ultrasound synthesis was performed 
in ultrasonic bath (BANDELIN GmbH & Co, DT 510 H). 
 Mass spectra were recorded on Shimadzu LCMS-
2020, Japan under flow injection analysis with flow of  
0.5 mL min–1 (50 % formic acid (0.1 %) and 50 % acetonitrile) 
and performed in positive and negative mode. NMR  
spectra were recorded on Bruker Avance 600 MHz NMR 
Spectrometer (Bruker Biospin GmbH, Rheinstetten, 
Germany) at 293 K with DMSO-d6 as a solvent and 
tetramethylsilane (TMS) as an internal standard. 
 Melting points were measured on Melting point 
determination apparatus IA9100 (Cole-Parmer Ltd.). Thin-
layer chromatography was performed with fluorescent 
silica gel plates F254 (Merck, Darmstadt, Germany), under 
UV (254 and 365 nm) light, with benzene/acetone/acetic 
acid (8 :1 :1, v/ v) as a solvent.  
General Procedure for the Synthesis of 
Biscoumarins 2a–i using Ultrasound 
Irradiation 
An aromatic aldehyde (2.5 mmol) and 4-hydroxycoumarin 
(5.0 mmol) were taken in 25.0 mL round bottom flask and 
dissolved in a minimum amount of ethanol (5.0 mL). Than 
molecular iodine (10 % (n/n)) was added. The mixture was 
irradiated by ultrasound in the water bath for appropriate 
time (30 min) at 50 °C. After a completion of the reaction 
monitored by TLC, the solid product, which precipitated out 
as an insoluble residue, was filtered, washed with water 
and dried under vacuum. The crude product was purified 
by washing with the appropriate solvent (methanol or 
ethanol). 
General Procedure for the Synthesis of 
Biscoumarins 2a–i using Microwave 
Irradiation 
An aromatic aldehyde (2.5 mmol) and 4-hydroxycoumarin 
(5.0 mmol) were mixed together in a minimum amount of 
ethanol EtOH (10.0 mL) and subjected to microwaves at 
100 °C for corresponding time (90 min in total). After 
completion of the reaction monitored by TLC, the mixture 
was poured over the water and a crude product was 
separated by filtration.  
 Characterization of products (yields, Rf values, 
melting points, 1H and 13C NMR data) are depicted in the 
supplementary material.  
 
RESULTS AND DISCUSSION 
For the synthesis of biscoumarins (2a–2i), a range  
of aldehydes (a–i, 2.5 mmol) were condensed with  
4-hydroxycoumarin (1, 5.0 mmol) (Scheme S2). The same 
reactions were carried out by applying two methods, 
ultrasound and microwave irradiation in the presence of 
ethanol as a solvent and using cheap, readily available 
molecular iodine in a catalytic amount (10 % n/n). Reactions 
were monitored periodically by thin-layer chromatography 
(TLC, benzene/acetone/acetic acid 8: 1:1 v/ v) and when 
completed, desired products were precipitated with water 
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 All compounds were characterized by melting 
points, Rf, 1H and 13C NMR. For known compounds, melting 
points were compared to the literature and found to 
match, as described in the Experimental section. 1H NMR 
spectra reveals the characteristic peaks as follows: proton 
peak shift for –CH- at 6.14–6.35 ppm, aromatic protons 
shifts from 6.36–8.06, and peaks characteristic for different 
aromatic substituents, such as –OCH3 protons shifts at  
3.49–3.70 ppm (see Supplementary material for spectra). 
All reactions were carried out both under ultrasound and 
microwave conditions and in the presence of molecular 
iodine as a catalyst. When compared, they gave different 
product yields and required significantly different reaction 
times. Namely, higher yields of the desired products were 
obtained by the ultrasound-assisted procedure (Table S1). 
In addition, the final products were obtained much faster 
by ultrasound assisted synthesis (30 min) compared to the 
microwave assisted synthesis (90 min). Therefore, the 
ultrasound assisted synthesis proved to be better than the 
microwave assisted synthesis. All the products were 
crystalline crude products. 
 When compared to the literature procedure, all the 
researches mentioned in this paper started the synthesis of 
biscoumarins using 4-hydroxycoumarin and corresponding 
aldehydes. Kiyani and co-workers[32] performed the synthesis 
of biscoumarins using solid catalyst, phthalimide-N-sulfonic 
acid (PISA). They also studied the effect of the solvents, 
such as water, toluene, dichloromethane, diethyl ether and 
ethanol and a mixture of ethanol :water (1 :1), as well as 
solvent-free conditions. According to the results, the 
ethanol:water mixture at 80 °C and 10 % (n/n) of PISA were 
found to be the optimal reaction conditions for these 
reactions. Under these conditions, they obtained com-
pounds 2a, 2c, and 2i in the range of 25–60 minutes with 
the yields from 88 to 96 %, whereas the scope of our results 
using ultrasound-assisted procedure were between 81 and 
94 % yields in 30 minutes. Al-Kadasi and Nazeruddin[25] 
performed a catalyst-free synthesis of biscoumarins in 
water media by ultrasound irradiation at room tem-
perature. They acquired compound 2g in 15 minutes and in 
85 % yield, whereas we acquired the same product in 30 
minutes by ultrasound assisted synthesis with 94 % yield. 
Furthermore, Završnik and co-workers[2] carried out the 
synthesis of biscoumarins under reflux for 24 h in ethanol 
as a reaction media. Under such conditions, they obtained 
compounds 2b, 2c, 2h and 2i with yields in range from 72 
to 84 %, while our research by the ultrasound-assisted 
procedure resulted in yields ranging from 81 to 84% and in 
considerably shorter time (30 min). 
 Over and above, Sahar and co-workers[31] performed 
synthesis of biscoumarins in ethanol and in the presence of 
few drops of piperidine/N-methylmorpholine. Reactions 
were carried out by stirring during 24–48 h at room 
temperature. They obtained compounds 2a, 2d and 2f with 
yields in range from 38 to 95 %, whereas we obtained the 
same product in 30 minutes by ultrasound assisted 
synthesis with yields from 86 to 94 %. 
 
CONCLUSIONS 
Biscoumarins have been conveniently prepared with an 
easy work-up, milder conditions, higher yields of the 
desired products and shorter reaction time under 
ultrasound-assisted synthesis, compared to the microwave 
assisted synthesis. This procedure that includes the usage 
of a molecular iodine as a catalyst is simple, efficient, 
inexpensive and ecofriendly method in biscoumarin 
synthesis. Our work gave higher yields of many derivatives 
in shorter times, when compared to the literature results. 
Since biscoumarins are a subject of many different 
biological investigations, our procedure facilitates their 
synthesis. 
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